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No. 2093118. Abstract 



This invention falls into the field of medicine, or more precisely ophthalmology, and may find 
use during the diagnosis and treatment of patents with retinal and optic nerve damage. The 
method consists of subjecting isolated sections to a diagnostic electroexposure beforehand with 
biphasal square pulses using a multichannel electrode applied to the orbital region. Based on the 
diagnostic results obtained, a therapeutic electroexposure is carried out with trains of pulse 
bursts, using the optimum parameters determined for each isolated section. The pulse length of 
the therapeutic electroexposure corresponds to the patient's minimum electrophosphene 
origination threshold, while pulse amplitude corresponds to the minimum continuous 
electrophosphene origination threshold at the minimum rate value. Therapeutic electroexposure 
is carried out starting with the most functionally intact sections. The multichannel stimulator 
associated with this method contains a mode selection unit, a parameter input unit, cycle, train, 
and session shapers, a pulse number counter, a signal level converter, a channel selector, a clock 
pulse generator, a current generator, an amplitude regulator, and an analog switch, n outputs of 
which serve as stimulator outputs. This device additionally contains a control unit, a parameter 
storage unit, a display unit, and a channel switching shaper, all of which are separately 
connected. 2 independent claims, 5 illustrations. 



No. 2093118. Description 



This invention falls into the field of medicine, or more precisely ophthalmology, neurology, and 
neurosurgery, and may find use during the diagnosis and treatment of patients with retinal' and 
optic nerve damage. 

Conservative techniques for the treatment of optic nerve and retinal damage are not very 
effective when the optic tract has sustained serious damage. Techniques for direct (contact) 
electrostimulations of damaged optic nerves that facilitate the improvement of conduction have 
been developed to treat severe forms of nerve pathology. 

A method for direct optic nerve electrostimulation already exists [1], which consists of the fact 
that electrodes are inserted into the optic nerves during neurosurgical operations, through which 
therapeutic exposure is carried out during the postoperative period. 

A method also exists [2] that does not require extensive neurosurgical intervention, during which 
electrodes under the control of an electrooptical converter are fed into the bone canaliculus near 
the optic nerve, through which therapeutic electroexposure is carried out with biphasal square 
current pulses. This method has one basic shortcoming: there remains the danger of vessel 
damage in the retrobulbar region, in addition to which the implantation of electrodes directly into 
the optic nerve does not make it possible to carry out retinal electrostimulation when the retina 
has been damaged along with the optic nerve. 

Attempts at creating electrostimulation techniques without surgical intervention have resulted in 
the development and use of a method for the noncontact (transcutaneous) periorbital 
electroexposure of the optic nerves and retina [3] that serves as our prototype. 

The method at hand is carried out as follows. Intact optic nerve sections are identified 
beforehand by means of a neuroophthalmological examination, conventional and quantitative 
perimetry techniques, and ophthalmoscopy. Therapeutic electrostimulation is carried out 
transcutaneously in the following manner. Metal disk electrodes with a diameter of 3-10 
millimeters (mm) are applied to the eyelid and orbit of the eye, through which exposure is 
undertaken with trains of biphasal square current pulses. The prototype method eliminates the 
necessity of surgically inserting special electrodes into optic nerve, which reduces injuries and 
also expands indications for clinical application; i.e., therapeutic electroexposure covers not only 
the optic nerve sections, but also the retina. 

The electrostimulator that serves as our prototype device [4] makes it possible to implement the 
method described in reference [3]. This multichannel electrostimulator contains a series- 
connected clock pulse generator and distribution unit. The subject device enhances the 
efficiency of treatment, since it facilitates the differentiated exposure of optic nerve and retinal 
sections that have pathologies of different degrees. To this end, a mode selection unit, a cycle 
shaper, a train shaper, a session shaper, a pulse number counter, a channel selector, a distribution 
unit in the form of a signal level converter, a current generator, an amplitude regulator, and an 
analog switch have been incorporated into the subject device, all of which are connected in a 
specific manner. 



The vision restoration techniques listed, including the prototype, do not take into account the 
sophisticated topical and functional organization of the retina and the optic nerve. In addition, 
when a vision system pathology is present, functional activity is appreciably altered. The 
prototype determines the sequence of a therapeutic electroexposure, but it does not have a 
differentiated approach to the evaluation of the functional condition of retinal and optic nerve 
sections; consequently, it is not possible to optimize an electroexposure, which makes the 
method insufficiently effective. 

The basis of this invention consists of the task of creating an effective method for the restoration 
of vision when retinal and optic nerve damage is present, as well as a device for implementing 
this method, which together would make it possible to determine the extent of the functional 
activity of damaged sections and to carry out balanced therapeutic electroexposure within 
damaged sections, as well as to ensure the successive activation of retinal and optic nerve fiber 
sections in this instance, with the creation of a therapeutic preexcitation reaction. 

The goal set is achieved by virtue of the fact that this method is used to restore vision in the 
presence of retinal and optic nerve damage by means of therapeutic electrostimulation with trains 
of biphasal square pulse bursts, during which a preliminary diagnosis of isolated sections is 
made, including the compilation of a visual field chart, and therapeutic electrostimulation is 
carried out through an electrode applied to the orbital region. According to the invention at 
hand, the diagnostic electroexposure and therapeutic electrostimulation of retinal and optic nerve 
sections are carried out through a single electrode with n channels that correspond to the number 
of sections isolated, with these isolated sections being diagnosed based on the extent of their 
conformance to the functional condition identified on the visual field charts, as well as indices of 
electrosensitivity to a diagnostic electroexposure by biphasal square pulses. In this instance, the 
optimum therapeutic electrostimulation parameters are determined for each n section: the 
minimum pulse length value in the presence of the minimum possible electrophosphene 
origination threshold value and the pulse repetition rate value that corresponds to the lowest 
possible continuous electrophosphene origination threshold value in the presence of a fixed 
minimum pulse length value. Thereafter, the therapeutic electrostimulation of the isolated 
sections is successively carried out based on the electric current pulse parameters found for each 
of n channels. This procedure starts with the most functionally intact retinal and optic nerve 
sections. 

The multichannel electrostimulator for the implementation of the method described in paragraph 
1 contains a mode selection unit, a parameter input unit, cycle, train, and session shapers, a pulse 
number counter, a pulse shaper, a signal level converter, a channel selector, a clock pulse 
generator, a current generator, an amplitude regulator, and an analog switch with n outputs that 
also serve as the outputs of the electrostimulator. According to the invention at hand, this 
electrostimulator also contains a control unit, a parameter storage unit, a display unit, and a 
channel connection sequence shaper. Here, the output of the parameter input unit is connected to 
the first input of the control unit, the first output of which is connected to the pulse shaper input, 
the output of which is connected to the first input of the signal level converter. The second 
control unit output is connected to the second signal level converter input, the third control unit 
output is connected to the third signal level converter input, the fourth control unit output is 



connected to the display unit input, and the fifth control unit output is connected to the parameter 
storage unit input, the first output of which is connected to the second control unit input. The 
second output of the parameter storage unit is connected through the pulse number counter to the 
third control unit input. The third output of the parameter storage unit is connected through the 
clock pulse generator to the fourth control unit input. The fourth output of the parameter storage 
unit is connected through the cycle shaper to the fifth control unit input. The fifth output of the 
parameter storage unit is connected through the train shaper to the sixth control unit input. The 
sixth output of the parameter storage unit is connected through the session shaper to the seventh 
control unit input. The seventh output of the parameter storage unit is connected through the 
channel connection sequence shaper to the eighth control unit input, the ninth input of which is 
connected to the mode selection unit. The first output of the signal level converter is connected 
through the amplitude regulator to the control input of the current generator. The second output 
of the signal level converter is connected to the channel selector, the l.n outputs of which serve 
as the l.n inputs of the analog switch. The third output of the signal level converter is connected 
to the n+1 input of the analog switch, the n+2 input of which is connected to the current 
generator output, while its n+3 input is connected to the sixth control unit output. 

Topical visual field chart correspondence to the sections electrodiagnostically examined is 
depicted in Fig. 1, where l,2n denotes the sections examined and V,2'n 'represents the projected 
correspondence of the elements of an n-channel electrode to the sections examined. Diagrams of 
stresses within the device's n channels are presented in Fig. 2: a) single biphasal square pulses; 
b) a pulse burst cycle train, and; c) a session, where x" is pulse length, a" is pulse amplitude, N is 
the number of pulses in a burst, M is the number of cycles in a train, and AT in the number of 
trains in a session. A graph of the dependence of the electrophosphene origination threshold, A", 
in an n-section upon pulse length, x", is shown in Fig. 3. The dependence of the continuous 
electrophosphene origination threshold, B", in an n-section upon the pulse repetition rate, /, is 
shown in Fig. 4. A diagram of the multichannel electrostimulator for which this application has 
been field is presented in Fig. 5. 

The method is carried out as follows. 

A patient with a retinal and/or optic nerve pathology is neuroophthalmologically examined using 
familiar techniques: visual acuity is determined, a description of the fundus of the eye is 
prepared, the visual fields are studied, the appropriate visual field charts are compiled, and 
functionally intact and functionally depressed sections are highlighted on these charts. The 
activity of the functionally intact sections and its conformance to the norm are studied using the 
visual contract perimetry technique. The diagnostic electroexposure of the retinal and optic 
nerve sections is then carried out in the following manner. An n-channel electrode is applied to 
the orbital regional of the eye for a umber of sections selected for examination and it is oriented 
in such a way that the elementary contact surfaces (the channel outputs) projectionally 
correspond to the sections chosen for electrodiagnosis. Each section is studied by feeding single 
biphasal pulses with an amplitude of a" to the appropriate elementary contact of the n-channel 
electrode and detemining the dependence of the electrophosphene origination threshold, A", 
upon current pulse length, x». AnA"F (t*) dependence graph is plotted, x"™, at the minimum 
possible electrophosphene origination threshold value, (see Fig. 3). 



A train of biphasal square current pulses is then delivered and the dependence of the continuous 
electrophosphene origination threshold, B", upon pulse repetition rate, /, in the presence of a 
selected value for x = const = x"^ is studied. A graph of the dependence of B" F (f) at x - T n mm 
is plotted. This graph is used to determine the rate value,/,™, that corresponds to the lowest 
continuous electrophosphene original threshold value, B" min . 

Similar investigations are conducted for all the retinal and optic nerve section, alternately using 
the remaining channels of the w-channel electrode. 

The data obtained serve as the optimum parameters for therapeutic electroexposures. The extent 
of the correspondence of the B"^ f^ n , and x"^ data obtained to normal electrosensitivity 
parameter values is subsequently determined for each section, whereupon a conclusion is 
reached concerning the extent of functional condition based on electrosensitivity data. 

The functional condition (degree of dysfunction) evaluation data are compared to previously 
obtained perimetry (visual field chart) and visual-contrast perimetry data, whereupon a complex 
conclusion is reached concerning the functional condition of the isolation sections. The 
therapeutic electroexposure sequence is determined based on the extent of the functional 
integrity of the sections. 

Therapeutic electroexposure is successively carried out with trains of biphasal square current 
pulse bursts, starting with the channels that projectionally correspond to the most functionally 
intact retinal and optic nerve sections based on specific previous treatment parameters (5" min , 
x" min, and/ m in). A treatment session consists of K pulse burst trains. 

The multichannel electrostimulator contains an electroexposure parameter input unit, 1, a control 
unit, 2, a display unit, 3, an electroexposure parameter storage unit, 4, a mode selection unit, 5, a 
pulse number counter, 6, a clock pulse generator, 7, a cycle shaper, 8, a train shaper, 9, a session 
shaper, 10, a channel connection sequence shaper, 1 1, a pulse shaper 12, a signal level converter, 
13, an amplitude regulator, 14, a current generator, 15, a channel selector, 16, and an analog 
switch, 17, the output of which serve as the device outputs. Electroexposure parameter input unit 
1 contains a keyboard, from which a physician enters the patient code, the x pulse length, pulse 
amplitude, and/pulse repetition rate values, the number of cycles, trains, and bursts, the channel 
number (the elementary electrode number), and the channel connection sequence. 

This multichannel electrostimulator operates in two modes: the "diagnosis" mode and the 
"therapeutic exposure" mode. 

When power is fed to the electrostimulator, electroexposure parameter input unit 1, control unit 
2, display unit 3, parameter storage unit 4, mode selection unit 5, clock pulse generator 7, pulse 
shaper 12, signal level converter 13, amplitude regulator 14, current generator 15, channel 
selector 16, and analog switch 17 are activated. All the parameters and mode are continuously 
reflected on display unit 3. Here, a disable signal is fed from electroexposure parameter input 
unit 1 through control unit 2 to analog switch 17 through its n+3 input, which is the common 
control input that permits (prohibits) the activation of the analog switch channels. 



The "diagnosis" mode is displayed on mode selection unit 5. The physician inputs the initial 
electrodiagnosis parameters from electroexposure parameter input unit 1 through control unit 2 
to storage unit 4: channel number, n = l, biphasal square pulse length, t, and amplitude, a. 

An information signal is fed from electroexposure parameter input unit 1 through control unit 2 
to the input of pulse shaper 12, which generates pulses with a predetermined t value, and 
amplitude regulator 14 is simultaneously activated through signal level converter 13. At the 
same time, a signal proceeds from parameter storage unit 4 through control unit 2 and signal 
level converter 13 to channel selected 16, at the first output of which an analog switch 17 first- 
channel selection signal is shaped. Amplitude regulator 14 shapes current generator 15's control 
voltage. Current generator 15 issues predetermined a\ diagnostic electroexposure values at the 
output from input unit 1 for the activated first channel. Here, an enable signal is fed from 
parameter input unit 1 through control unit 2 and through the n+3 input of analog switch 17 for 
its activation, and a signal is fed through analog switch 17 to the first output of the multichannel 
electrode. 

In the event that a single electrophosphene fails to stabilize the patient, the physician establishes 
a higher electroexposure amplitude value from parameter input unit 1 in a similar manner. In the 
event that origination of electrophosphene does stabilize the patient, this electroexposure 
amplitude value is taken as the electrophosphene origination threshold, A\, at a length of x\. 
These diagnostic parameters are recorded in parameter storage unit 4 and in display unit 3. 

The physician increases the pulse length value from parameter input unit 1, which is recorded in 
parameter storage unit 4 as x l 2 and the process of modifying the amplitude from its initial value 
is repeated until electrophosphene stabilizes the patient, A x 2 . Thus, when the length value and 
amplitude are modified, the parameter values at which an A 1 F (t 1 ) graph can be plotted are 
recorded in display unit 3 and in parameter storage unit 4. Similar operations are carried out for 
the other channels by assigning electroexposure parameter values from parameter input unit 1 
and a series of A" F (t") graphs are obtained, while channel switching is accomplished through 
channel selector 16 and analog switch 17. 

From these graphs, the physician selects the minimum pulse length value, f mifl , for each channel 
at the minimum possible electrophosphene original threshold value, v4" min , which is entered in 
electroexposure parameter storage unit 4, and a series of diagnostic exposure is carried out at this 
value, which is specific for each channel, at a variable rate,/ To this end, the physician repeats 
the preceding operations in the first channel, but varies the x parameter value, since is has been 
recorded, the/ rate by assigning it from parameter input unit 1 through control unit 2, pulse 
shaper 12, signal level converter 13, and analog switch 17, and fixes the origination of 
continuous electrophosphene in the patient. This amplitude value corresponds to the continuous 
electrophosphene origination threshold, b\. It is recorded in parameter storage unit 4 and is 
reflected on display unit 3. A graph of the B x F (f) dependence is plotted based on the data 
obtained from a number of measurements. 

Similar operations are carried out for all the channels and B n F (f) graphs are plotted. From 
these graphs, the physician selects the minimum pulse repetition rate value, f^, that 



corresponds to the lowest continuous electrophosphene origination threshold value, B" min , which 
is entered in parameter storage unit 4. 

After work in the "diagnosis" mode has been completed, a disable signal is fed to the w+3 input 
of analog switch 17. 

The physician brings up the "therapeutic electroexposure" mode on mode selection unit 5. 

Based on a comparison of diagnostic electroexposure results, perimetry data, and visual-contrast 
perimetry data (traditional techniques), an assessment is made of the functional condition of the 
isolated retinal and optical nerve sections, whereupon an electroexposure sequence is identified. 

Using the diagnosis results, data on the number of cycles, trains, and sessions are transferred 
from input unit 1 through control unit 2 to parameter storage unit 4. Information signals proceed 
from the latter to cycle shaper 8, train shaper 9, and session shaper 10, which transmit disable 
and enable signal through control unit 3 to pulse shaper 12. From the keyboard of parameter 
input unit 1, the physician assigns a channel activation sequence, which is transferred through 
control unit 2 to parameter storage unit 4. 

In order to carry out a therapeutic electroexposure, the physician feds a signal from input unit 1 
through control unit 2 and parameter storage unit 4 that activates cycle shaper 8, train shaper 9, 
session shaper 10, pulse number counter 6, and channel connection sequence shaper 11. 
Simultaneously, an enable signal is fed through the n+3 input that activates analog switch 17. 
Here, the channel connection sequence is assigned by channel connection sequence shaper 11, 
which receives a signal from parameter storage unit 4 and shapes control signals for channel 
selector 1 6 through control unit 2 and signal level converter 13. 

Control unit 2 selects B" min , x" min , and therapeutic electroexposure parameters for each 
channel from storage unit 4 and shapes control signals for pulse shaper 12 and amplitude 
regulator 14, while pulse number counter 6 selects the number of pulses in a burst. Here, pulse 
shaper 12, cycle shaper 8, train shaper 9, session shaper 10, and amplitude regulator 14 generate 
the appropriate predetermined value at each moment in time. 

Example 1. Male patient K., year of birth (y.o.b.) 1964, was admitted for examination and 
treatment with a diagnosis of optic nerve atrophy as a result of optochiasmal arachnoiditis 
(outpatient chart No. 1 02 dated 4/9/90). 

After suffering a catarrhal disorder of the otorhinolaryngological (ORL) organs in 1983, the 
patient noted the progressive worsening of visual functions in both eyes. Optochiasmal 
arachnoiditis was diagnosed during an examination. A neurosurgical operation aimed at 
adhesiotomy and optic nerve neurolysis was performed in 1984. Despite the surgical and 
subsequent conservative treatment performed, no significant dynamics of the condition of the 
visual functions were observed and they had been noted to stabilize over the past 5 years. 

Upon admission, visual acuity was Vis OD = 0.09-01 uncorrected in the right eye and Vis OS = 
0.01 uncorrected in the left eye. The optical media were transparent. Pupilary reaction to light 



was satisfactory in the right eye and sluggish in the left eye. The optic nerve disks in both eyes 
had become pale and were monotonous, with distinct contours. The nasal half of the disk was 
slightly more pink in the right eye. The retinal vessels were narrow. Nonuniform choroidal 
pigmentation was detected in redless light. The macular areas were smooth, but reflexes were 
detected. There were no nidal changes. Absolute central scotomas were present in the visual 
fields, spanning a range of 8-12° from the point of fixation in the right eye and 15-20° from the 
point of fixation in the left eye. 

Visual-contrast perimetry examinations revealed the absence of the ability to perceive high-rate 
band patterns during the performance of monocular tests in each eye, accompanied by a decrease 
in contrast sensitivity in the intermediate-frequency band (more so in the left eye). 

Electrosensitivity examinations of the visual system using a 9-channel electrode applied to the 
eyelid and orbit of the eye were conducted in different sections of each eye and revealed an 
increase in the sensitivity threshold of the peripheral sections of the visual fields to A = 350 
microamperes (pA) in the presence of a pulse length of t = 7 milliseconds (msec). In the central 
sections of the visual fields that were covered by scotomas, it was not possible to determine the 
electrophosphene origination thresholds. During an investigation of continuous 
electrophosphene origination thresholds from a pulse repetition rate off in different visual field 
sections, the following data were obtained: the lowest continuous electrophosphene origination 
threshold was recorded in the temporal visual field regions and came to = 250 uA at a pulse 
repetition rate of / = 20 hertz (Hz). In the nasal visual field sections, the continuous 
electrophosphene origination threshold value came to B^n = 320 \iA at/= 15 Hz. 

A comparison of the electrodiagnosis results obtained, perimetry data, and visual-contrast 
perimetry data showed a negligible increase in the electrosensitivity thresholds in the retinal and 
optic nerve sections that corresponded to the peripheral visual field regions, as well as the almost 
total absence of electrosensitivity in the central sections of the visual field that topically 
corresponded to the macular region of the retina and the fibers that form the axial optic nerve 
bundle. 

Based on the subject comparison results, therapeutic electroexposure parameters were generated 
and the first 5 sessions were carried out using these parameters. 

The amplitude and pulse repetition rate in each channel corresponded to the minimum rate values 
at the minimum continuous electrophosphene origination threshold previously indicated. Here, 
exposure was carried out with a minimum of 4 pulses in a burst, in 25 cycles, with a total of 5 
trains, starting the exposure from the eye orbit sections that optically corresponded to the 
peripheral visual field sections. 

Following the adjustment of the electrostimulation parameters, to wit, a decrease in 
electroexposure amplitude in both eyes and an increase in the pulse repetition rate with a bundle 
in the exposure channels for the paracentral retinal and optical nerve sections of the left eye, 
another 5 therapeutic sessions were carried out. 



As a result of the electrostimulation treatment performed, the patient's visual acuity increased to 
0.3 uncorrected in the right and to 0.04 in the left eye. The areas of the central scotomas were 
reduced. The electrosensitivity thresholds in the peripheral and paracentral sections of both eyes 
were lowered, with the right eye becoming normal. 

Example 2. Male patient L., y.o.b. 1939 (outpatient chart No. 98 dated 4/9/90) was admitted for 
examination and treatment with a diagnosis of maculodystrophy in both eyes. This patient had 
been on the books of an ophthalmological dispensary and had been a vision group 2 invalid for a 
number of years. 

Courses of conservative therapy were regularly carried out. In 1989, the patient underwent a 
course of therapeutic periorbital electrostimulations of the retina and optic nerves of both eyes in 
the clinic at the Epidemiology and Microbiology Research Institute (EMRI) of the Soviet 
Academy of Medical Sciences (AMS), with a negligible effect. Upon admission, visual acuity in 
the right eye was 0.04 with a correction of -2.5D, while that in the left eye was 0.01 uncorrected. 
The optic nerve disks in the fundus of the eye were monotonous and their borders were distinct. 
The caliber of the vessels was unchanged, but angiotic bands were observed along their course. 
In the macular region of the right eye, there were foci with pigmentation, while chorioretinal foci 
were present in the left eye. There were absolute central scotomas in the visual fields spanning a 
range of 5-10° in the right eye and 10-15° in the left eye. 

A visual-contrast perimetry examination revealed the deterioration of test perception with the 
high-frequency component of the spectrum during the monocular testing of each eye, as well as a 
decrease in the contrast sensitivity of the perception of the intermediate-frequency components 
of the spectrum during the tests performed, with a high degree in the left eye. An investigation 
of visual system electrosensitivity in the ^-sections of the orbit of each eye demonstrated almost 
normal sensitivity within the peripheral visual field sections, but the elevation of 
electrophosphene origination thresholds relative to the norm in the paracentral sections. 

Based on the diagnosis results, a therapeutic electroexposure was carried out using the following 
parameters: 3 pulses per burst, 30 cycle, and 4 trains when the repetition rate of the pulses 
delivered to the peripheral sections was 10 Hz and that of the pulses delivered to the paracentral 
sections was 15 Hz, with the value of the amplitudes corresponding to the continuous 
electrophosphene origination thresholds equaling 240 uA and with a pulse length of 8.5 msec. 

During the course of therapeutic electrostimulations using the exposure parameters generated 
based on the results of diagnostic examinations, visual acuity after 10 session increased to 0.08 
in the right eye and 0.05 in the left eye, with the areas of the central scotomas remaining virtually 
unchanged. The electrophosphene origination thresholds in the paracentral visual field sections 
of both eyes were lowered over the same pulse repetition rate ranges are before treatment. 

The multichannel electrostimulator that supports this method can be put together using the 
following component base. 

Parameter input unit 1 can be created in the form of a keyboard that is connected to the controller 
keyboard, which is created, for example, using microcircuits of the K555 or K580 series. 



Control unit 2, pulse number counter 6, close pulse generator 7, cycle shaper 8, train shaper 9, 
session shaper 10, and channel connection sequence shaper 1 1 can be created using microcircuits 
oftheK555 or K580 series. 

Display unit 3 can be created using light-emitting diode (LED) character-synthesizing and matrix 
components, or using liquid-crystal screens. 

Parameter storage unit 4 can be created using a combination of K573 and K537 series 
microcircuits. 

Amplitude regulator 14 can be created using a K572 series microcircuit, signal level converter 13 
and channel selector 16 may be based on K561 series microcircuits, analog switch 17 may be 
based on K590 series microcircuits, and current generator 15 may be based on a field-effect 
transistor. 

The subject method and device facilitate the performance of a diagnostic examination on the 
basis of which optimum parameters are generated for therapeutic electroexposures, making it 
possible to activate functionally depressed structures of the peripheral region of the optic nerve 
network, precluding the overexcitation of nerve structures. This method and device also make it 
possible to adaptively perform an electroexposure, creasing a section preexcitation effect by 
means of successive exposure, starting with the most functionally intact sections. 
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No. 2093118. Claims 



1. This method for the restoration of vision when retinal and optic nerve damage is present, 
which includes therapeutic electrostimulation by trains of biphasal square pulse bursts, during 
which isolated sections are diagnosed beforehand, including the compilation of visual field 
charts, and electrostimulation is performed through an electrode applied to the orbital region, is 
distinctive in that the diagnostic electroexposure and therapeutic electrostimulation of retinal and 
optic nerve sections are carried out using a single electrode made with n channels that match the 
number of sections isolated. These isolated sections are diagnosed based on the extent of the 
conformance of their functional integrity to a specific charted visual field and to 
electrosensitivity parameters for diagnostic electroexposure by biphasal square pulses. Here, the 
following therapeutic electrostimulation parameters are determined for each n section: the 
minimum pulse length value at the minimum electrophosphene origination threshold value and 
the pulse repetition rate value that corresponds to the lowest continuous electrophosphene 
origination threshold value at a fixed minimum pulse length value. The therapeutic 
electrostimulation of the isolation sections is then successively carried out using the electric 
current pulse parameters found for each of the n channels. This procedure begins with the most 
functionally intact retinal and optic nerve sections. 

2. The attendant multichannel electrostimulator, which contains a mode selection unit, a 
parameter input unit, a cycle shaper, a train shaper, a session shaper, a pulse number counter, a 
pulse shaper, a signal level converter, a channel selector, a clock pulse generator, a current 
generator, an amplitude regulator, and an analog switch with outputs that serve as the outputs of 
the electrostimulator, is distinctive in that it includes a control unit, a parameter storage unit, a 
display unit, and a channel connection sequence shaper. Here, the output of the parameter input 
unit is connected to the first input of the control unit, the first output of which is connected to the 
input of the pulse shaper, the output of which is connected to the first input of the signal level 
converter. The second control unit output connected to the second input of the signal level 
converter. The third control unit output is connected to the third input of the signal level 
converter. The fourth control unit output is connected to the display unit input. The fifth control 
unit output is connected to the input of the parameter storage unit, the fist output of which is 
connected to the second input of the control unit. The second parameter storage unit output is 
connected through the pulse number counter to the third input of the control unit. The third 
output of the parameter storage unit is connected through the clock pulse generator to the fourth 
input of the control unit. The fourth parameter storage unit output is connected through the cycle 
shaper to the fifth input of the control unit. The fifth output of the parameter storage unit is 
connected through the train shaper to the sixth input of the control unit. The sixth input of the 
parameter storage unit is connected through the session shaper to the seventh input of the control 
unit. The seventh output of the parameter storage unit is connected through the channel 
connection sequence shaper to the eight input of the control unit, the ninth input of which is 
connected to the mode selection unit. The first input of the signal level converter is connected 
through the amplitude regulator to the channel selector, the l-« outputs of which serve as the l-« 
inputs of the analog switch. The third output of the signal level converter is connected to the n+l 
input of the analog switch, the n+2 input of which is connected to the output of the current 
generator and the n+3 input of which is connected to the sixth output of the control unit. 
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(57) PecjDepaT: 

H3o6peTeHne othocmtch k MeAMi4HHe, a 

TOHHee K OCt»TaJ1bMOJ10rMM, H M0>KeT HaMTH 

npnivieHeHMe npn AnamocTUKe m neHeHfii/i 

OOJlbHblX C nOBpS>KASHMSM CeTMaTKM M 

3pnTenbHoro HepBa. Cnocoo" 3aKn KDHaeTCfl b 
tom , hto npeABapnTeribHO ocyLU,ecTBriflK3T 
AnarHOCTM^ecKoe 3neKTpoB03AeMCTBkie 
6i/icfra3HbiMi/i npaMoyroribHbiMM i/iMnynbcaMki Ha 
BbiAeneHHbie ynacTKM npi/i noiwoLAM 
MHoroKaHaribHoro GJieicrpoAa, HaKnaAbiBaeivioro 
Ha op6nTanbHyfo oonacTb. no pe3ynbTaTaM 
AnarHOCTMKM npoMSBOA^T neMeGHoe 
3neKTpoB03AeficTBne cepi/mMi/i na^eK 
MMnyxibcoB Ha onTMManbHbix napaivieTpax, 
onpeAeneHHbix An* Ka>KAoro BbiAS-neHHoro 
y^acTKa. flnnTeribHOCTb MMnynbcoB neHe6Horo 
3nei<TpoB03Ae£'icTBi/m cooTBeTCTByeT 

MMHMMaJIbHOMy nopory B03HMKHOBeHMfl 

3neKTpocjDocc(DeHa y nai_\MeHTa, aMnni/iTyAa 

MMnyilbCOB COOTBBTCTByST MUHMMaJIbHOMy 

nopory B03HHKH0BeHMfl npepbiBUCToro 
sneKTpocjDoccjDeHa Ha Mi/iHHMaribHofi nacTOTe. 
JleHe6Hoe 3TieKTpoB03AeficTBi/ie ocymecTBrmfOT, 
Ha^MHafl c HanGonee cjDyHKLjMOHanbHO 
coxpaHeHHbix ynacTKOB. MHoroKaHaribHbiM 
CTMMynfiTop, ocyLAecTBrmioLAMM cnocoo", 
coAep>KHT 6jiok Bbioopa pe>KMMOB, 6noK BBOAa 
napaMeTpoB, cf)opMnpoBaTejin MMnyribcoB 



I4MKTIOB, CepHH, CeaHCOB, CHGTHHK KOJlHHeCTBa 

HMnynbcoB, npeo6pa30BaTerib ypoBHfl 
curHanoB, nepeKJifOHaienb KaHanoB, reHepaiop 
TaKTOBbix MMnyribcoB, reHepaiop TOKa, 
perynflTop aivinnmyAbi i/i aHanoroBbiM kj-ihdh, n 

BblXOAOB KOTOporO flBJlflK)TCfl BblXOAaMU 

CTMMyriflTopa. flonoriHMTeribHO ycTpoPicTBO 
coAep>KWT ynpaBJiflfOL^MM 6jiok, 6jiok xpaHeHi/m 
napaiwieTpoB, 6noK i/iHAHKa 141/11/1, cjoopMnpoBaTerib 
noAKTiKDHeHMfl KaHanoB, coeAMHeHHbie 
onpeAeneHHbiM o6pa30M. 2 c.n. cfc-nbi, 5 mji. 
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(54) METHOD TO RESTORE VISION AT RETINA AND OPTIC NERVE DAMAGE AND MULTICHANNEL 
STIMULATOR FOR ITS IMPLEMENTATION 



(57) Abstract: 

FIELD: medicine, ophthalmology, 
diagnostics. SUBSTANCE: method deals with 
preliminary diagnostic electroimpact with a 
biphase rectangular impulses for the 
necessary areas due to multichannel 
electrode applied onto orbital region. 
According to diagnostic results curative 
electroimpact is conducted by series of 
impulse batches at optimal parameters 
determined for each necessary area. Duration 
of curative electroimpact impulses 
corresponds to minimal threshold of 
electrophosphene initiation in a patient, 
impulse amplitude corresponds to minimal 
threshold of interrupted electrophosphene 
initiation at minimal frequency. Curative 
electroimpact is performed beginning from 
the most functionally saved areas. 
Multichannel stimulator contains a block of 
regime choosing, a block of parameter input, 
formers of impulses for cycles, series, 
seances, a counter of impulse quantity, a 
transformer of signal level, a channel 



switcher, a generator of tempo impulses, a 
generator of current, a regulator of 
amplitude and analog key. Additionally 
device is supplied with a control block, a 
block of parameter saving, a block of 
indication, a former for channel switching. 
EFFECT: higher efficiency. 3 cl, 5 dwg 
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M3o6peTeHne othochtch k MeAHL^MHe, 
TOHHee k ocjDTaribiviorioruM, HeBponornn n 
Hewpoxupyprnn, n MoxeT hsimtm npuMeHeHne 
npn fluarHOCTMKe m neneHHH GonbHbix c 
noBpex^ehMeM ceTHaTKM n 3pnTenbHoro HepBa. 

KoHcepBaTHBHbie weTOflbi neneHHH 
nopa>KeHMfl 3pnTenbHbix HepBOB m ceTMaTKM 
fiBriflfOTCfl Mano3c(Dct)eKTHBHbiMM npi/i T^>Kenbix 
nopa>KeHMflx 3pnTenbHoro ny™. flna neneHHH 
T?i>Kenbix qbopM naTonorMM HepBa 6biriM 
pa3pa6oTaHbi MeTOAbi npaMbix (KomaKTHbix) 
3neKTpocTMMynflL4nR nopa>KeHHbix 3pnTenbHbix 
HepBOB, cnocoocTByHDLijHe ynyHLueHnto 

npOBOflUMOCTM. 

M3BecTeH cnocob~ np^MOM 

SneKTpOCTMMyJlfll^MH 3pMTeribHblX HepBOB [1] 
3aKTIfOHafOLHHL?iCfl B TOM, HTO BO BpeMfl 

HePipoxupyprMHecKOM onepau,MM b 3pnTenbHbie 
HepBbi MMnjiaHTupyjoTCfi aneKTpoflbi, nepe3 
KOTopbie b nocneonepai^noHHOM nepwoAe 
npon3BOflfiT neHe6Hoe B03AewcTBne. 

M3BecTeH cnocoO [2] He TpeoyfOLUMfi 
o6i_unpHoro HewpoxupyprnHecKoro 
BMeiuaTenbCTBa, npn kotopom noA KOHTponeM 
aneKTpoHHO-onTMHecKoro npeo6pa30BaTenfi k 
3pnTeribHOMy HepBy b KOCTHbiM KaHan noABOA^T 
sneKTpoAbi, nepe3 KOTopbie ocymecTBnflioT 
neneGHoe 3JieKTpoB03AeMCTBne cepwflMH 
6nqba3Hbix npjiMoyroribHbix MMnynbcoB TOKa. 
CnocoS oojiaAaeT oahhm ocHOBHbiM 
HeAOdaTKOM: ocTaeTCfl onacHOCTb 
TpaBMaTM3ai4MM cocyAOB peTpo6ynb6apHofi 
oonac™, Kpoivie Toro, uiMnnaHTau,nfl sneKTpoAOB 
HenocpeACTBeHHO b 3puiTeribHbiM HepB He 
no3BonaeT ocyLnecTBrmTb 3neKTpocTMMynflu,i/iio 
ceTHaTKH npi/i OAHOBpeweHHOM ee nopa>KeHMM co 

3pHTenbHblM HepBOM. 

rionblTKM C03AaHM5R MeTOAOB 

3neKTpocTMMynai4nii 6e3 xnpyprnnecKoro 
BMeiuaTenbCTBa np^Benn k pa3pa6oTKe n 
ocy mecT bji e h n hd cnocoSa HeKOHTaKTHoro 
(npe3Ko>KHoro) nepnop6nTanbHoro 
sneKTpoBOSAeCicTBMjR Ha 3pnTenbHbie HepBbi m 
ceTHaTKy [3] npni-mToro 3a npoTcrrnn. 

Cnocoo" ocy mecT bji fi jot cneAyfou^nivi 
o6pa30M. npeflBapMTenbHO onpeAenaioT 
coxpaHeHHbie ynacTKM 3pnTenbHoro HepBa 
nyTeM Hewpooc|DTanbivionorMHecKoro 
MCcneAOBaHMfl, MeTOAaMU o6bNHotf v\ 

KBaHTHTaTHBHOM nepMMeTpUM, OCjDTanbMOCKOnMM. 

JleneSHyKD 3neKTpocTHMynflu,nio ocyLnecTBnflhOT 
npe3KO>KHO oneAyKDLHHM o6pa30M: Ha BeKO h 
opoMTy ma3a HaKnaAbiBaioT AUCKOBbie 
MeTannnnecKne sneKTpoAbi AnaMeTpoM 3-10 

MM, Hepe3 HMX OCyLi^eCTBJIflHDT B03AePlCTBM^ 

cepufiMn 6nqba3Hbix npsiMoyronbHbix MMnyribcoB 
TOKa. Cnoco6-npoTOTnn HCKmonaeT 

HeooxoAHMOCTb BBeAeHMfl cnei^MaribHbix 
sneKTpoAOB b 3pnTeribHbiki HepB xnpyprn^ecKUM 
nyTeM, hto CHH>KaeT TpaBMaTMHHOCTb, a TaioKe 
pacninp^eT noKa3aHHfl k KnHHHHecKOMy 
npuMeHeHMfo, T.e. neneoHoe 

3neKTpoB03AeCicTBne pacnpocTpaHfieTCfl He 
ToribKO Ha ynacTKM 3pnTenbHoro HepBa, ho h Ha 
ceTHaTKy. 

Peann30BaTb cnoco6 [3] no3BonseT 
sneKTpocTMMynfiTop [4] npi/iHHTbm 3a npoTOTun 
ycTpoPicTBa. MHoroKaHanbHbm 
sneKTpocTMMyrifiTop coAep>KMT coeAHHeHHbie 
nocneAOBaTeribHO reHepaTop TaKTOBbix 
MMnyribcoB m pa3AeriMTenbHbiM Sjiok. 

YCTpOMCTBO nOBblLUaeT SqbctDeKTMBHOCTb 

neneHna, t.k. no3BonaeT A^cfcepeHLiHpoBaHO 
B03AeMCTBOBaTb Ha ynacTKH 3pnTeribHoro HepBa 
m ceTHaTKM, HMetoii^Me pa3fiMHHyK3 CTeneHb 
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naTonornn. flnfl 3Toro b Hero BBeAeHbi 6jiok 
BbiSopa pe>KHMOB, QbopMnpoBaTerib l^mktiob, 
cfopMnpoBaTenb cepuCi, cjDopMnpoBaTenb 
ceaHCOB, cneTHHK KonnnecTBa HMnyribcoB, 
nepeKJiKJHaTerib KaHanoB, pa3AennTeribHbiM 
6tiok 5 flBnflHDLi^Mi^cfl npeoo"pa30BaTeneM ypoBHfl 
curHanoB, reHepaTop TOKa, peryn^Top 
aMnnnTyAbi v\ aHanoroBbiki KfifOH, coeAMHeHHbie 
onpeAeneHHbiM o6pa30M. 

riepeHncjieHHbie MeTOAbi BoccTaHOBJieHMfl 
3peHMfl, b tom HMcne npoTOTun, He ynnTbiBaKJT 

CJ10>KHOM TOnMHeCKOM 1/1 CjDyHKL^MOHaribHOM 

opraHH3ai4MH ceTHaTKM n 3pnTenbHoro HepBa. 
KpoMe Toro, npn naTonornn 3pMTeribHOM 

CUCTeMbl C)DyHKI4MOHaJ1bHafl aKTMBHOCTb 

cymecTBeHHbiM o6pa30M M3MeH?ieTCfl. npoTOTun 
onpeAenaeT nocneAOBaTeribHOCTb nene^Horo 
3neKTpoB03Aei?icTBnn s ho b HeM OTcyTCTByeT 
AnqbcjDepeHi^MpoBaHHbiM noAXOA k ou,eHKe 
cjDyHKi4HOHajibHoro cocTO^HMn ynacTKOB 
ceTHaTKH n 3pnTeribHoro HepBa n, 

CneAOBaTeJIbHO, B03MO>KHOCTb OnTMMM3ai4HM 

jieneGHoro 3neKTpoB03AeMCTBH^, hto A©.naeT 

CnOCOG HeAOCTaTOMHO 3CjDCjDeKTMBHblM. 

B ocHOBy M3o6peTeHM?i noro>KeHa 3aAana 
co3AaTb SQbq^eKTMBHbiPi cnoco6 BoccTaHOBneHM^ 
3peHMfl npM noBpe>KAeHMH ceTHaTKM m 
3pnTenbHoro HepBa, a TaioKe ycTpoMCTBO, 
peann3yfou4ee cnoco6, KOTopbie no3Bonnjin 6bi 
onpeAennTb CTeneHb qbyHKL4MOHaribHOM 
aKTMBHOCTM noBpe>KAeHHbix ynacTKOB M 
ocymecTBrmTb A03npoBaHHoe nene^Hoe 
3neKTpoB03AewcTBne Ha BbiAeneHHbie ynacTKH, 
npn stom o6ecnennBaTb nocneAOBaTeribHyK) 
aKTMBai4MK) ynacTKOB ceTHaTKM m bojiokoh 
spuTenbHoro HepBa c cosflaHneM neHe6HOM 
peaKU,MM npeAB036y>KAeHM5i. 

riocTaBneHHan 3aAana peiuaeTCfl TeM, hto b 
cnoco6e BoccTaHOBneHHfl 3peHM^ npn 
noBpe>KAeHMM ceTHaTKH m 3pnTeribHoro HepBa 
neHe^HOM sneKTpocTMMynfluneCi cepuflMH naneK 
6ncjDa3Hbix np^MoyroribHbix HMnynbcoB, npn 
kotopom npon3BOA?iT npeABapnTe/ibHoe 
AnarHOCTupoBaHne BbiAeneHHbix ynacTKOB, 
BKJiK)Ha?i cocTaBJieHne KapT noneffi 3peHM^, a 
neneGHyK) sneKTpocTMMynfli^MHD ocymecTBjnfiKDT 
nepe3 sneKTpoA, HaKJiaAbiBaeMbM Ha 
opSnTanbHyK) o6nacTb, cornacHO M3o6peTeHMK) 
AMamocTMHecKoe 3JieKTpoB03AeMCTBne m 
jieHe6Hyra srieKTpocTMMyjiflUMfo ynacTKOB 
ceTHaTKH m 3pnTeribHoro HepBa ocy m ecT bji 9\\ot 
nepe3 oamh sneKTpoA, KOTopbiM BbinoriH^ioT 
n-KaHanbHbiM no nucny BbiAeneHHbix ynacTKOB, 
AnarHOCTupyioT BbiAeneHHbie ynacTKUi no 
CTeneHU cooTBeTCTBMfi nx qbyHKi^MOHanbHoCi 
coxpaHHOCTH, onpeAeneHHoPi no KapTaM nonefi 
3peHna, noKa3aTenfiM 
3n e kt pony bct bh Ten bH oct m Ha AnarHOCTunecKoe 

3neKTpOB03AeMCTBMe 6MC|Da3HblMM 

npflMoyronbHbiMn HMnynbcaMM, npM stom Ana 
Ka>KAoro n-ynacTKa onpeAenaioT onTMManbHbie 
napaMeTpbi neneSHOM sneKTpocTMMyn^mnn: 
MUHUManbHoe 3HaneHne AnnTenbHOCTM 
HMnynbca npn MMHMManbHO npeAenbHOM 
3HaneHnn nopora B03HHKHOBeHM5q 
sneKTpoqbocqbeHa, 3HaneHne nacTOTbi 
cneAQBaHUfi HMnynbcoB, cooTBeTCTByioLneM 
HanMeHbiueMy 3HaneHMio nopora 

B03HMKHOBeHMfl npepbiBMCToro 

3neKTpOC)DOC($eHa Ha CjDUKCMpOBaHHOM 

MMHUManbHOM 3HaHeHMM AnMTenbHOCTM 

MMnynbca, 3aTeM npon3BOA^ t nocneAOBaTenbHO 
nene6Hyio sneKTpocTMMynfli^nio BbiAeneHHbix 
ynacTKOB Ha HaCiAeHHbix napaMeTpax 
MMnynbcoB sneKTpMHecKoro TOKa aji^ Ka>KAoro 
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M3 n KaHanoB, npoueAypy HaHHHaioT c HanGonee 
4)yHKi4MOHanbHO coxpaHeHHbix ynacTKOB 
ceTHaTKH m 3pnTeribHoro HepBa. 

MHoroKaHanbHbiM aneKTpocTHMyjwop, 
peann3yKJLL4HM cnocoo" no n.1, coAepxami/ifi 
otiok BbiGopa pexuMOB, ctiok BBOfla 
napaivieTpoB, cpopivinpoBaTenb u,HKnoB, 
cjDopMnpoBaTejib cepuM, cjDopivinpoBaTerib 

CeaHCOB, CH6THMK KOJlUHSCTBa MM nyjibcoB, 

cfjopMMpoBaTerib nivinynbcoB, npeo6pa30BaTenb 
ypoBHfl CMTHana, nepeKnfonaTenb KaHanoB, 
reHepaTop TaKTOBbix HMnynbcoB, reHepaTop 
TOKa, peryjiflTop aMnnnTyAbi v\ aHanoroBbiw 

KTIKDH C n BblXOflaMM, KOTOpbie 9\Bn9\\OTC9\ 

BbixoflaMM 3neKTpocTMMyji?iTopa, cornacHO 
M3o6peTGHHK) coflep>KMT ynpaBnaioinHM otiok, 
otiok xpaHeHna napaMeTpoB, otiok MHflMKai^MM, 
cjDopMnpoBaTerib nocneflOBaTenbHOCTH 
noflKfifOMeHnw KaHanoB, npw stom BbixoA 6noKa 
BBOAa napaivieTpoB coeflMHeH c nepBbiM bxoaom 
ynpaBrmioLAero 6noKa, nepBbm BbixoA KOToporo 
coeAHHeH c bxoaom 0>opMnpoBaTenfl 
MMnyribcoB, BbixoA KOToporo coeAHHeH c 
nepBbiM bxoaom npeoGpasoBaTena ypoBHfl 
curHana, BTopofi BbixoA ynpaBnajou^ero 6noKa 
coeAHHeH c BTopbiM bxoaom npeo6pa30BaTenfi 
ypoBHfi cwmana, TpeTufi BbixoA ynpaBJiflKDLi\ero 
onoKa coeAHHeH c TpeTbUM bxoaom 
npeo6pa30BaTexifl ypoBHfl cumana, HeTBepTbiM 
BbixoA ynpaBJiflHDLAero 6noKa cosAHHeH c 
bxoaom 6noKa MHAMKai4MM, nflTbiw BbixoA 
ynpaBJiflHDLAero 6noKa coeAHHeH c bxoaom 
onoKa xpaHeHi/ia napaMeTpoB, nepBbiw bnxoa 

KOTOporO COeAHHeH C BTOpbIM bxoaom 

ynpaBJi3K3ii4ero onoKa, btopom BbixoA onoKa 
xpaHeHna napaMeTpoB <-iepe3 cneTHHK 

KOJIMHeCTBa HMnyJIbCOB cogauhgh c TpeTbUM 

bxoaom ynpaBJiflHDinero 6noKa, TpeTHM BbixoA 
6noKa xpaHeHna napaMeTpoB nepe3 reHepaTop 
TaKTOBblX MMnyJIbCOB noAKfifoneH k neTBepTQMy 
BXOAy ynpaBJiflJOLAero 6noKa, HeTBepTbM BbixoA 
6noKa xpaHeHwa napaMeTpoB nepe3 
cjoopMnpoBaTenb l^uktiob noAKmoneH k n^TOMy 
BXOAy ynpaBrmtomero onoKa, n^TbiCi BbixoA 
onoKa xpaHeHMfi napaMeTpoB <-iepe3 
cf)opMnpoBaTerib cepi/ifi noAKmoneH k LuecTOMy 
BXOAy ynpaBJisfOLu.ero onoKa, LuecToPi BbixoA 
onoKa xpaHeHHfl napaMeTpoB nepe3 
cf)opMnpoBaTerib ceaHCOB noAKJifoneH k 
ceAbMOMy BXOAy ynpaBJinraiAero 6noKa, 
ceAbMow bwxoa 6noKa xpaHeHHfl napaMeTpoB 
nepe3 cjDopMnpoBaTenb nocneAOBaTeribHOCTH 
noAKJiKDHeHMfl KaHanoB noAKnfoneH k BocbMOMy 
BXOAy ynpaBJiflioLnero onoKa, ReBnrbm bxoa 
KOToporo coeAMHeH c otiokom Bbioopa pe>KMMa, 
nepBbiM BbixoA npeo6pa30BaTenfl ypoBH* 
curHana nepe3 peryji^Top aMnnnTyAbi coeAHHeH 
c ynpaBTififOLUMM bxoaom reHepaTopa TOKa, 
btopom BbixoA npeo6pa30BaTerifl ypoBHfl 
curHana coeAMHeH c nepeKnionaTeneM KaHanoB, 
1.n BbixoAbi KOToporo ABnafOTCfl 1.n bxoaom m 
aHanoroBoro Kmona, TpeTi/m bhxoa 
npeo6pa30BaTena ypoBHfl curHana coeAHHeH c 
n+1 bxoaom aHanoroBoro Knfona, n+2 bxoa 
KOToporo coeAHHeH c BbixoAOM reHepaTopa 
TOKa, a n+3 bxoa c LiiecTbiM bnxoaom 
ynpaBnnhDLi^ero 6noKa. 

Ha cJdmt. 1 M3o6pa>KeHO TonnnecKoe 
cooTBeTCTBMe KapTbi nona 3peHna 
sneKTpoAHarHocTunecKM HccneAyeMbiM 
ynacTKaM, rAe 1 ,2.n nccneAyeMbie ynacTKH, 
I'^'.n' npoeKi^noHHoe cooTBeTCTBMe aneMeHTOB 
n-KaHanbHoro aneKTpoAa nccneAyeMbiM 
ynacTKaM; Ha dp\Ar.2 npeACTaBneHbi anwpbi 
Hanpa>KeHHM Ha n KaHanax yorpoMCTBa: a) 



OAMHOHHbie 6Ma>a3Hbie npaMoyronbHbie 
HMnynbCbi, 6) cepn^ i^MKnoB naneK HMnynbcoB, 
b) ceaHC, rAe x n AnnTenbHOCTb MMnynbca, a n - 
aMnnnTyAa MMnynbca, N KonnnecTBO HMnynbcoB 
b naHKe, M KonnnecTBO LiUKnoB b cepnn, K 

° KonnnecTBO cepuM b ceaHce; Ha c)Dnr.3 rpacjDMK 
3aBncnMOCTM b n-ynacTKe nopora 
A n B03HHKHOBeHMfi sneKTpocjDoccjDeHa OT 
AnnTenbHOCTM HMnynbca x n ; Ha c)DMr.4 rpacjDMK 
3aBncnMOCTM b n-ynacTKe nopora 

10 B n B03HMKHOBeHMfl npepbiBUCToro 

3neKTpocjDocc)DeHa ot nacTOTbi f n cneAOBaHkin 
HMnynbcoB; Ha qbwr.5 cxeMa 3a5qBnfleMoro 
MHoroKaHanbHoro aneicrpocTHMynfiTopa. 

Cnoco6 peann3yeTca cneAytomuM o6pa30M. 

15 nai^neHTa c naTonornePi ceTHaTKM n/nnn 
3pnTenbHoro HepBa o6cneAyKDT 

HeMpoocjDTanbMonornMecKM M3BecTHbiMM 
MeTOAaMw: onpeAen^HDT ocTpoTy 3peHna, 
npoBOAflT onwcaHne rna3Horo ah a, nccneAyKDT 
nonfl 3peHwa, cocTaBn^fOT cooTBeTCTByfomne 

20 KapTbi nonefi 3peHMfl m BbiAen^fOT Ha hux 
cjDyHKi^noHanbHO coxpaHeHHbie n 

cj^yHKi^noHanbHO ymeTeHHbie ynacTKM. 
HccneAyiOT aKTHBHOCTb cjDyHKi4HOHanbHO 
coxpaHeHHbix y^acTKOB MeTOAOM 

BM30KOHTpaCTOnepHMeTpHM M ee COOTBeTCTBMe 

25 HopMe. flanee ocymecTBnflioT AnarHOCTunecKoe 
3neKTpoBQ3Aei?icTBne Ha ynacTKM ceTHaTKM m 
3pnTenbHoro HepBa cneAyfOLHHM oo"pa30M. Ha 
op6MTanbHyio o6nacTb rna3a HaKnaAbiBaioT 
n-KaHanbHbiM sneKTpoA no nucny BbiopaHHbix 
Ana nccneAOBaHUfi ynacTKOB n opueHTupyfOT ero 

30 TaKUM o6pa30M, HTo6bi sneMeHTapHbie 
KOHTaKTHbie noBepxHOCTM (BbixoAbi KaHanoB) 
npoeKUMOHHO cooTBeTCTBOBann Bbi6paHHbiM flniR 
3-neKrpoAnarHOCTHKH ynacTKaM. Ka>KflbiM ynacTOK 
nccneAyiOT, noAaBaa 6nc|Da3Hbie OAMHOHHbie 

35 MMnynbCbi aMnnnTyAofi a n Ha cooTBeTCTByfOLAMW 
3neMeHTapHbiM koht3kt n-KaHanbHoro 
sneKTpoAa m onpeAen^^T 3aBMCMMOCTb nopora 
A n B03HHKHOBeHM?i 3neKTpocjDoccf)eHa OT 
AnnTenbHOCTM x n MMnynbca TOKa. CTpofiT 
rpacfiMK 3aBMCMMOCTM A n F (x n ) m no HeMy 

40 onpeAenafOT MMHMManbHoe 3HaneHMe 

n 

AnnTenbHOCTM xmin HMnynbca npn MMHMManbHO 

npeAenbHOM 3HaneHnn nopora 

A min B03HMKH0BeHMfl GneKTpocjDoccjDeHa (cm. 
45 cj3nr.3). 

flanee noAafOT cepnio 6wa>a3Hbix 
np^MoyronbHbix MMnynbcoB TOKa m nccneAyKJT 

3aBMCHMOCTb nopora B n B03HMKHOBeHMfl 

npepbiBUCToro 3neKTpoc|Doca>eHa ot nacTOTbi 
50 f n cneAOBaHHfl HMnynbcoB npn 

n 

Bbl6paHHOM x=COnst=xmin. CTpOfIT rpa0MK 

n 

3aBMCHMOCTM B n F (f n ) npM x=xmin. riO TpacjDMKy 

onpeAen^fOT 3HaneHne nacTOTbi f min, 

55 COOTBeTCTByiOLL^eM HaHMeHbLUeMy 3HaHeHMK) 
n 

nopora Bmm B03HMKHOBeHHfi npepbiBUCToro 
3neKTpocf)occ|DeHa. 

AHanornHHbie nccneAOBaHna npoBOA^T Ha 
Bcex ynacTKax ceTHaTKM m 3pnTenbHoro HepBa, 
60 noonepeAHO ncnonb3yq ocTanbHbie KaHanbi 
n-KaHanbHoro sneKTpoAa. 

nonyneHHbie AaHHbie flBnafOTCfl 
onTHManbHbiMi^ napaMeTpaMU nene6Hbix 
3neKTpoBG3AePicTBHM . flanee atia Ka>KAoro 
y-iacTKa onpeAen^fOT CTeneHb cooTBeTCTBUfl 

n n D 

nonyneHHbix A^HHbix B m in,fmin > xmin noKa3aTen^M 
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3J1BKTpOHyBCTBHT8nbHOCTH B HOpMB H flenaKDT 

bnboa o CTeneHM cfcyHKLji/ioHanbHoro coctoahma 

no flaHHbIM SJieKTpOHyBCTBHTenbHOCTM. 

ConocTaBnaioT flaHHbie ol^hkm 
0yHKi4HOHanbHoro coctoahma (cTeneHb 
AMC(+jyHKu 1 i/iM) c nony-ieHHbiMM paHee AaHHbiMn 
nepnivieTpuM (KapTbi noneM" 3peHna) m 
BM30KOHTpacTonepnivieTpMH m flenafOT 
KOMnreKCHoe 3aKJiraHeHne o c^yHKi^noHanbHOM 
coctoahmh BbifleneHHbix ynacTKOB. no CTeneHM 
0yHKi4HOHaribHOM coxpaHHOGTH ynacTKOB 
onpeflejiflhDT onepeflHOCTb neneSHoro 

3JieKTpOB03fleClCTBHfl . 

JleneoHoe 3neKTpoB03AeMCTBne npoBOA^T 
nocneAOBaTenbHO cepn?iMM naneK 6"wc+ja3Hbix 
npaivioyronbHbix MMnyribcoB TOKa, HaHMHaa c 
KaHanoB, npoeKU,woHHO cooTBeTCTByroLu.nx 
Han6oriee cf)yHKi_\MOHanbHO coxpaHeHHbiM 
yMacTKaM ceTMaTKM v\ 3pnTeribHoro HepBa Ha 
onpefleneHHbix paHee nene6Hbix napaivieTpax (B 

n n n 

min,xmin,fmh). CeaHC neHeHMfl COCTOMT M3 K 

cepuPi naneK i/iivmynbcoB. 

MHoroKaHaxibHbiM sneKTpocTMiviynfiTop 
coflep>KHT 6jiok 1 BBOAa napaivieTpoB 
3neKTpoB03AeMCTBHfl, ynpaBJiflWLi^nki ojiok 2, 
6jiok 3 MHAHKaunn, ojiok 4 xpaHeHun 
napaivieTpoB 3neKTpoB03AeficTBMM, 6noK 5 
BbiGopa pe>KHMa, cneTHMK 6 KonnnecTBa 
MMnyribcoB, reHepaTop 7 TaKTOBbix wunynbcoB, 
0opMnpoBaTenb l^mkjiob 8, cepwfi 9, ceaHCOB 
10, cf)opMnpoBaTerib 11 nocneAOBaTenbHoc™ 
noAKnfOHeHMfl KaHanoB, cjDopMnpoBaTenb 12 
MMnyribcoB, npeo6pa30BaTenb 13 ypoBHfl 
cumanoB, perynaTop 14 aivinnMTyAbi, reHepaTop 
15 TOKa, nepeKxiK^aTerib 16 KaHanoB, 
aHanoroBbiM kjikdh 17, BbixoAbi KOTOporo 

flBrmfOTCfl BblXOflaMM yCTpOMCTBa. BJIOK 1 BBOfla 

napaivieTpoB 3neKTpoB03AeficTBMfl coAepxMT 
KJiaBnaTypy, c kotopom Bpan bboawt koa 
nau^eHTa, 3HaneHMfl 
AnnTenbHOCTM x Mivinynbca, aivinnwTyAy a 
MMnyribca, nacTOTy f cneAOBaHi/ia MMnynbcoB, 
KonnMecTBO l^ukjiob, cepMM, naqeK, HOMep 
KaHana (Hoiwep 3neivieHTapHoro sneKTpoAa) n 
nocneflOBaTeribHOCTb noflKntoHeHMfl KaHanoB. 

MHoroKaHanbHbiti sneKTpocTMiviynsTTop 
paooTaeT b AByx pe>KMMax: pexMMe 
"AnarHOCTHKa" m pe>KMMe "neneoHoe 

B03AeMCTBMe". 

l~lpM noAane nuTaHna Ha sneKTpocTMiviynflTop 
BKfifOHaeTca 6noK 1 BBOAa napaivieTpoB 
sneKTpoBOSAeCiCTBUfl, ynpaBiiflKDLHnCi ojiok 2, 
ojiok 3 HHAHKai4MM, ojiok 4 xpaHeHMfl 
napaivieTpoB, ojiok 5 Bbioopa pe>KMMa, 
reHepaTop 7 TaKTOBbix MMnyribcoB, 
cjDopMnpoBaTenb 12 MMnynbcoB, 

npeo6pa30BaTenb 13 ypoBHa curHana, 
peryrmTop 14 aivinnMTyAbi, reHepaTop 15 TOKa, 
nepeKJiHDHaTenb 16 KaHanoB, aHanoroBbiM KJifon 
17. Bee napaivieTpbi n pexuMbi nocTOAHHO 
OTpawaHDTCfl Ha onoKe 3 MHAHKai^nn. I~lpw stom c 
onoKa BBOAa 1 napaivieTpoB 

3neKTpoB03AePicTBHfl nepes ynpaBn^fomuM ojiok 
2 noAaeTCfl 3anpemaioLHMM cwman Ha 
aHanoroBbiM KmoH 17 nepe3 ero bxoa n+3, 
KOTopbiM flBnaeTcs o6"lhwm ynpaBnajoLmMM 
bxoaom, paspeniafOLHHM (3anpeu4afOLi^nM) 
BKrifoneHne KaHanoB aHanoroBoro KnKD'na. 

PexnM "AnamocTHKa" BbicTaBnaeTCfl Ha 
6noKe 5 Bbi6opa pexnivia. Bpan c 6rioKa 1 BBOAa 
napaivieTpoB 3neKTpoB03AeMCTBna nepe3 
ynpaBJiflhDLUMM 6jiok 2 bboamt b 6jiok 4 
xpaHeHUjq ncxoAHbie napaivieTpbi 
sneKTpoAnarHOCTHKH ; HOMep KaHana n=1, 



ATiMTeribHOCTb t 6nc|Da3Horo npaivioyroribHoro 
Mivinynbca, aivmrMTVAy a. 

C 6noKa 1 BBOAa napaivieTpoB 
3neKTpoB03AeCicTBH?i Mepes ynpaBn^ioLJ^MM otiok 
2 noAaeTC^ HHcjDopiviai4MOHHbm curHan Ha bxoa 

5 cfopivinpoBaTerifl 12 MMnyribcoB, KOTopbiPi 
reHepupyeT nivinyribcbi 3aAaHHoi?i t m 
OAHOBpeivieHHO nepe3 npeo6pa30BaTerib 13 
ypoBHfl cm rHaria BKmonaeTCfl peryjinTop 14 
awinjiMTyAbi. B tot >Ke MoivieHT M3 GnoKa 

1Q xpaHeHMfl 4 napaivieTpoB nepe3 ynpaBimioLUUM 
6jiok 2 m npeo6pa30BaTerib 13 ypoBHfl cumajioB 
nocTynaeT CMrHan k nepeKruoHaTejiio 16 
KaHanoB, Ha nepBOM BbixoAe KOToporo 
c|DopiviMpyeTC5q CMrHan Bbi6opa nepBoro KaHana 
aHanoroBoro Kniona 17. PerynaTop 14 

/5 aivinnnTyAbi cjDopiviMpyeT Hanp^>KeHMe 

ynpaBneHMfl reHepaTopa 15 TOKa. TeHepaTop 15 
TOKa BbiAaeT Ha BbixoAe 3aAaHHbie c 6noKa 1 

BBOAa 3HaneHMn aivinnnTyAbi 

i 

a 1 AnamocTHHecKoro 3neKTpoB03AeMCTBMfl Ha 
20 BKnioHeHHbiM nepBbm KaHan. ripM otoivi c 6noKa 

1 BBOAa napaivieTpoB nepe3 ynpaBnflKDLi^MCi otiok 

2 noAaeTC?! paspeujaioLiJ.MCi curHan nepe3 n+3 
bxoa aHanoroBoro Kmona 17 Ha ero BKmoneHMe 
m nepe3 aHanoroBbiM Knion 17 noAaeTca cm rHan 
Ha nepBbiw BbixoA MHoroKaHanbHoro sneKTpoAa 

25 B cnynae Hea>MKcau 1 MM nai4MeHTOivi 

OAMHOHHoro 3neKTpocf)occ(DeHa Bpan c 6noKa 1 
BBOAa napaivieTpoB aHanorMMHbiivi o6pa30M 
ycTaHaBnMBaeT 6onbLuee 3HaneHMe aivinnMTyAbi 
3neKTpoB03AeMCTBM5q. B cnynae cjunKcai^MM 

30 nai4neHTOM no?iBneHM5i sneKTpocfjocctDeHa sto 
3HaneHne aivinnMTyAbi 3neKTpoB03AeMCTBMfl 

I 

npMHMiviaeTcn KaK nopor A 1 B03HMKHOBeHnn 

I 

3neKTpoc)Docc|DeHa Ha AnMTenbHOCTM xi. 3tm 
AMamocTMHecKMe napaivieTpbi c+jMKCnpyHDTC?i b 
35 6noKe 4 xpaHeHM?i napaivieTpoB n b 6noKe 3 

MHAHKai^MM. 

C 6noKa BBOAa 1 napaivieTpoB Bpan 
yBenMHUBaeT 3HaneHMe AnnTenbHOCTM 
Mivinynbca, KOTopoe cpMKCMpyeTCfl b 6noKe 4 

1 

40 xpaHeHMfl napaivieTpoB KaK x2, m Ha 3TOivi 
3HaneHMM noBTopjieT npou,ecc M3ivieHeHM?i 
aivinnnTyAbi c ee HananbHoro 3HaneHHfi ao 
MOMeHTa CjDMKCai_|MM nai^MeHTOM 

1 

3neKTpocfiocc|DeHa A2. TaKMM o6pa30M, npM 

45 M3MeHeHMM 3HaMeHMfl A^HTenbHOCTM M 

aivinnkiTyAbi Ha onoKe 3 HHAMKai^MM m b 6\noKe 4 
xpaHeHnq napaivieTpoB c|DMKCMpyK)Tcq BenMHMHbi, 
no KOTopbiM mo>kho nocTpoMTb rpacfjMK A 1 F 
( x 1 ). AHanorMHHbie onepai^MM npon3BOA^T An a 
APyrwx KaHanoB, 3aflaBaa 3HaneHMfl napaivieTpoB 
3neKTpoB03AeMCTBi/m c 6noKa 1 BBOAa 
napaivieTpoB. m nonynatoT cepMio rpacjDHKOB 
A n F ( x n ), a nepeicnHDHeHne KaHanoB 
ocyLL^ecTBnaioT nepe3 nepeKnionaTenb 16 
KaHanoB m aHanoroBbiM ioiiom 17. 
55 Bpan Bbi6MpaeT M3 rpacjDMKOB a^^ Ka>KAoro 

KaHana MMHMManbHoe 3HaneHMe AnnTenbHOCTM 

n 

MMnynbca t m j n npn MMHUivianbHO npeAenbHoivi 

3HaneHMM nopora A m i n B03HMKHOBeHnn 
sneKTpocjDoccfjeHa, KOTopbiM 3aHocnTCfi b 6noK 4 
60 xpaHeHMfl napaivieTpoB 3neKTpoB03AeMCTBM?i, n 
Ha stom 3HaneHHM, onpeAeneHHOivi Ana Ka>KAoro 
KaHana, npoM3BOAMT cepnio AnarHOCTMHecKnx 

B03AeMCTBMM Ha M3IVieHfllOLAeMCfl nacTOTe f. flnfl 

3Toro Bpan noBTopaeT npeAbiAyLMMe onepauuM 
Ha nepBOM KaHane, ho M3MeH^eT He % t. k. 
oho cjDMKCMpoBaHO, a HacTOTy f 1 , 3aAaBa^ ee c 
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6noKa 1 BBOfta napaivieTpoB nepe3 
ynpaBJiflHDL^MM 6jiok 2, cfcopivii/ipoBaTenb 12 
WMnynbcoB, npeo6pa30BaTenb 1 3 ypoBHfl 
curHanoB n aHanoroBbiw Knion 17, n cfjwKCHpyeT 
no^BneHne npepbiBHCToro 3neKTpocfcoca>eHa y 
nai^neHTa. 3to 3HaneHne aMnnnTyflbi 

COOTBGTCTByeT nopory B03HHKHOBeHHfl 

I 

npepbiBWCToro sneKTpoi+joccjDeHa Bi, oho 
cjonKcupyeTCfi b 6noKe 4 xpaHeHi^ napaivieTpoB 
m OTpaxaeTCfl Ha 6noKe 3 HHflMKai^nn. no 
nonyneHHbiM flaHHbiM p?ifla H3MepeHHki ctpoat 

rpac|DMK 3aBMCMMOCTH B 1 F (f 1 ). 

AHanorMHHbie onepai4MM npoBOA^T Ann Bcex 
KaHanoB h CTpo?rr rpacf)HKH B n F (f n ). Bpan 
Bbi6npaeT H3 rpacjDHKOB 3HaneHMe MUHUManbHOLi 

n 

MacTOTbi cneAOBaHUfl nivinynbcoB, 

cooTBeTCTByjou^ee HawMeHbLueiviy 3HaneHMto 

nopora b!™ B03HHKHOBeHi/m npepbiBHCToro 
3neKTpoc(Doccf)eHa, KOTopoe 3aHocnTCfl b ojiok 4 
xpaHeHM^ napaivieTpoB. 

ripM OKOHHaHMM paooTbi b pe>Ki/iMe 
"Ana m oct una" Ha n+3 bxoa aHanoroBoro Kniona 
17 noAaeTCfi 3anpeLnatoLAHti curHan. 

Bpan Ha 6\noKe 5 Bbioopa pe>KHMa 
BbicTaBrmeT pe>KHM "neneoHoe 

3J1GKTp0B03ASPlCTBHe". 

Ha ocHOBaHnn conocTaBneHHH pe3yribTaTOB 
AnarHOCTMHecKnx sneKTpoBOSAeficTBHiTi c 
AaHHbiMH nepuMeTpnn n 

BH30KOHTpaCTOnepMMeTpMM (TpaAML4MOHHbie 

MeTOAbi) npon3BOAHTca oueHKa 
cjDyHKU.noHanbHoro cocTOAHMfl BbiAeneHHbix 
ynacTKOB ceTHaTKM n 3pnTeribHoro HepBa n 
onpeAenaeTca nocneAOBaTeribHOCTb 

3JieKTpOB03AePlCTBMfl . 

l~lo pe3yribTaTaM AnarHOCTMKW c cnoKa 1 
BBOAa nepe3 ynpaBrmioLUHM cjiok 2 3aHocaTCfl 
AaHHbie no KoriMHecTBy l^mkjiob, cepnw, ceaHcoB 
b 6jiok 4 xpaHeHMfl napaivieTpoB. Ot Hero 
nocTynaioT cwmanbi HHcjaopMauidki b 
cjDopMnpoBaTerib l^uktob 8, cepnw 9, ceaHcoB 
10, KOTopbie p,a\OT nepe3 ynpaBnaioLAHfi ojiok 3 
3anpemaK3Lnne n paspeLuafoiu.ne cnmanbi 
0opMnpoBaTenio 12 HMnynbcoB. C KnaBwaTypbi 
onoKa 1 BBOAa napaivieTpoB Bpan 3aAaeT 
nocneAOBaTeribHOCTb BKJiioHeHMa KaHanoB, 
KOTopas nepe3 ynpaBJinioLHHM 6jiok 2 3aHocnTCfl 
b 6jiok 4 xpaHeHMfi napaivieTpoB. 

flrifi ocymecTBJieHun neneSHoro 
3neKTpoB03AeficTBMfl Bpan c 6noKa 1 bboas 
nepe3 ynpaBJiaiOLAMM ojiok 2 h 6noK 4 xpaHeHMfl 
napaivieTpoB noAaeT curHan Ha BKmoneHne 
cjoopMwpoBaTenfl 141/iKnoB 8, cepuM 9, ceaHcoB 
10, cneTHMKa 6 KonnnecTBa nivinynbcoB n 
abopMnpoBaTerib 1 1 nocneAOBaTenbHOCTM 
noAKTifOHeHun KaHanoB. OAHOBpeivieHHO nepe3 
bxoa n+3 noAaeTca pa3peiuaioLi4i/M curHan Ha 
BKmoneHne aHanoroBoro Kniona 17. ripw stom 
nocneAOBaTenbHOCTb noAKmoneHMn KaHanoB 
3aAaeTCfl c+jopivinpoBaTeneivi 1 1 
nocneAOBaTenbHOCTM noAKmoHeHM^ KaHanoB, 
KOTopbiM nonynaeT curHan H3 6noKa 4 xpaHeHi/m 
napaivieTpoB n nepe3 ynpaBnfuoiu.nM 6noK 2 n 
npeo6pa30BaTenb 13 ypoBHsq curHanoB 
0opiviMpyeT ynpaBn^ioLi^Me cnmanbi Ha 
nepeKnionaTenb 16 KaHanoB. 

flnn Ka>KAoro KaHana ynpaBnfiioLL^HM 6noK 2 
M3 6noKa 4 xpaHeHns Bbi6npaeT napaivieTpbi 

neneSHoro 3neKTpoB03A©ftcTBfifl 

B min x min fmin \/\ cfjopiviMpyeT ynpaBn^iOLHne 
cumanbi Ann cjDopivinpoBaTenfl 12 nivinynbcoB m 
perynfiTopa 14 aivinnnTyAbi, a cneTHMK 6 
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KonnnecTBa nivinynbcoB Bbi6npaeT KonnnecTBO 
NivinynbcoB b nanne, npw stoivi cjDopMnpoBaTenn 
nivinynbcoB 12, i^WKnoB 8, cepuM 9, ceaHCOB 10 
n perynfiTop 14 aivinnMTyAbi b Ka>KAbiCi MoivieHT 
BpeivieHU OTpaoaTbiBatoT cooTBeTCTByKDmee 
3aAaHHoe 3HaneHMe. 

rip^iviep 1. BonbHOM K. 1964 r.p. nocTynMn 
Ann oOcneAOBaHun m neneHun c Anamo30ivi 
aTpocjDMfi 3pMTenbHbix HepBOB BcneACTBue 
onToxna3ivianbHoro apaxHOHA^Ta 
(aivi6ynaTopHafl KapTa N 102 ot 9.04.90 r.). 

B 1983 r. nocne nepeHeceHHoro 
npocTyAHoro 3a6oneBaHn?i JloP-opraHOB 
oonbHOM OTivieTnn nporpeccMBHoe yxyALueHMe 
3pnTenbHbix cjDyHKi_|MM o6onx mas. I~lpn 
o6cneAOBaHHM 6bin AnarHOCTupoBaH 

onToxna3ivianbHbiM apaxHOHA^T n b 1984 roAy 
npoBeAeHa HewpoxupyprnHecKafl onepai^Mfl no 
pacce«-ieHnio cnaeK n HeBponn3y 3pnTenbHbix 
HepBOB. HecMOTpn Ha npoBOAHBLueeca 
onepaTnBHoe n nocneAOBaBLuee 

KOHcepBaTnBHoe neneHne, cyu^ecTBeHHOM 
AnHaivinKn cocto^hm^ 3pnTenbHbix cfcyHKUMti He 
Ha6ntOAaJiocb, a Ha npoT?i>KeHHM nocneAHnx 5 
neT 6bina OTMe^eHa nx CTa6nnn3ai4Mfl. 

ripn nocTynneHnn ocTpoTa 3peHH?i npaBoro 
rna3a Vis OD=0,09-0,1 He Kopp. neBoro ma3a 
Vis OS=0,01 He Kopp. OnTunecKne cpeAbi 
npo3paHHbie. PeaKi^nsq 3paHKOB Ha CBeT: npaBoro 
rna3a yAOBneTBopnTenbHa^, neBoro rna3a 
Bnnan. flncKn 3pnTenbHbix HepBOB o6onx rna3 c 
no6neAHeHneivi, OAHOTOHHbie, c neTKMivin 
KOHTypaivin. Ha npaBoivi rna3y HocoBafi 
nonoBMHa pyicKB nyTb po30Bee. CocyAbi 
ceTHaTKH y3Kne. B oecKpacHOM CBeTe 
onpeAenaeTCfl HepaBHoiviepHafl nunvieHTannfl 
xopnoMAen. MaKynapHbie 30Hbi crna^eHbi, ho 
pecjDneKCbi onpeAennioTcn. OnaroBbix 
n3MeHeHMM HeT. B nonflx speHun aGconioTHbie 
HeHTpanbHbie ckotomh: Ha npaBbiM rna3 b 
npeAenax 8-12° ot tohkm c^MKcai^nM, Ha neBbiPi 

15-20° OT TOMKH CjDMKCai^HH. 

Bn30KOHTpacTHonepnivieTpMMecKMe 
wccneAOBaHna noKa3ann OTcyTCTBue 
cnocooHOCTM BoenpnHMMaTb peujeTKM 
BbicoKonacTOTHoro Anana30Ha npn 

MOHOKynnpHOM npeA"bflBneHMM TecTOB Ha 
Ka>KAbifi rna3, yivieHbLJjeHMe KOHTpacTHOM 
nyBCTBHTenbHOCTM b cpeAHenacTOTHOM 
Anana30He (6onbiue Ha neBbiM rna3). 

MccneAOBaH^n sneKTpoHyBCTBMTenbHOCTM 
3pnTenbHOM cucTeivibi c Mcnonb30BaHneM 
9-KaHanbHoro sneKTpoAa, Hano>KeHHoro Ha BeKO 
n op6nTy ma3a, npoBOA^nncb b pa3nnHHbix 
ynacTKax Ka>KAoro rna3a n noKa3ann noBbiiueHne 
nopora nyBCTBHTenbHOCTM nepuc+jepunecKnx 
ynacTKOB noneCi 3peHi/m ao A=350 mkA npn 
AnnTenbHOCTM nivinynbca x 7 mc. B 
i^eHTpanbHbix ynacTKax nonn 3peHnn, 3aKpbiTbix 
cKOTOMaMM, onpeAennTb noporn B03HMKHOBeHnn 
sneKTpocjDoccjDeHOB He yAanocb. ripn 
nccneAOBaHnn noporoB B03HMKH0BeHM5i 
npepbiBMCToro sneKTpocjDoccjDeHa ot nacTOTbi f 
cneAOBaHnn nivinynbcoB b pa3nnHHbix ynacTKax 
nonn 3peHMa 6binw nonyneHbi cneAytomwe 
AaHHbie: HanivieHbLUMM nopor B03HHKHOBeHWfl 
npepbiBUCToro 3neKTpoc|Docc|DeHa 6bin 
3ac|3HKCMpoBaH b Bi/icoHHbix o6nacT^x nonn 
3peHMfl m cocTaBun B min =250 mkA npn nacTOTe 
cneAOBaHun nivinynbca f=20 Ti^. B HOCOBbix 
ynacTKax nonn 3peHM?i 3HaneHne nopora 
B03HMKHOBeHMfi npepbiBUCToro 
3neKTpoc{)occ|DeHa cocTaBuno B min =320 mkA npM 

f=i5 ru,. 

ConocTaBneHne nonyneHHbix pe3ynbTaTOB 
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aneKTpoAnarHOCTMKM c AaHHbiMM nepuMeipuM n 

BM30KOHTpaCTOnepMMeTpMM BblflBMJlO 

He3HaHMTeribHoe yBennneHne noporoB 
sneKTpoMyBCTBHTeribHOCTM b ynacTKax ceTHa™ 

M 3pHTeJ1bHOrO HepBa, COOTBeTCTBytOLAMX 

nepwcjDepMMecKMiwi o&nacTAM noneiTi 3peHMfl, m 
n pa kt n m gckm noriHoe oTcyTGTBue 

SnGKTpOHyBCTBMTGnbHOCTH B L^eHTpaflbHblX 

ynacTKax norm 3peHnn, TonnnecKH 
cooTBeTCTByrau^ero MaKyrmpHOM" o6\nacTM 
CBTHaTKH V\ BOJIOKHaM, o6pa3yK)LAMM 
aKcuaribHbiM nynoK 3pMTeribHoro HepBa. 

Ha ocHOBe pe3yjibTaTOB cpaBHeHMfl 
ccjDopMMpoBann napaivieTpbi neHe6"Hbix 
3neKTpoB03,aePicTBMM v\ nepBbie 5 ceaHCOB 
npoBOflnnn Ha 3ti/ix napaiweTpax. 

AMnriMTyfla n nacTOTa cneAOBaHMfl 
MMnyribcoB no Ka>KflOMy KaHany 

COOTBeTCTBOBaJIM MMHUMailbHblM 3HaHeHMf1M 

nacTOTbi npn MUHUManbHOM 3HaHeHMM nopora 
B03HHKHOBeHMfl npepbiBMCToro 

3JieKTpOCj30CCjDeHa, yKa3aHHOM BblLUe. l~lpH 3T0M 

BO3AeM0TBne npoBOAMnn npn KonnnecTBe 
MMnyribcoB b naHKe 4, KoriMHecTBe lj,mkjiob 25 
npn o6u4eM KoriMHecTBe cepMM 5, HaHMHaa 
bo3asmctbm9 c ynacTKOB op6nTbi ma3a, 
TonMHecKM cooTBeTCTByHDLHnx nepMqbepMHecKMM 
ynacTKaM nonew 3peHMfl. 

riocrie KoppeKTupoBKM napaivieTpoB 
3neKTpocTMMyn?ii4MM ) a MMeHHO yMeHbLueHMfl 
aMnriMTyAbi 3neKTpoB03AeMCTBna Ha o6a ma3a 
m yBeriMHeHUfl nacTOTbi cneAOBam/m MMnyribcoB 
b naHKe b KaHanax bo3asmctbmfi Ha 
napai^eHTpanbHbie ynacTKM csTHaTKM n 
3pnTenbHoro HepBa neBoro rna3a, 6"bino 
npoBefleHO eii^e 5 neneGHbix ceaHCOB. 

B pe3yribTaTe npoBeAeHHoro 

sneKTpocTMMynai^noHHoro neneHun y naLiMeHTa 
noBbicunacb ocrpoTa 3peHwa Ha npaBbm rna3 ao 
0,3 He Kopp. neBoro rna3a ao 0,04. 
yMeHbUJunncb nnoLnaA^ AeHTpanbHbix ckotom, 

CHM3MJ~IMCb noporM SJieKTpOHyBCTBHTenbHOCTH B 

nepucjoepuiHecKnx n napai^eHTpanbHbix ynacTKax 
o6omx rna3, npuneivi Ha npaBbiM ma3 a° HopMbi. 

npuMep 2. BonbHoPi Jl. 1939 r.p. 
(aw6yjiaTopHafl KapTa N 98 ot 9.04.90) 
nocTyni/in Ana o6cneAOBaHMfl n neneHMfl c 
AwarH030M MaKynoAMCTpoqbMfl ooomx rna3. 
riai^neHT Ha npoTflweHMM pfiAa ner coctomt Ha 
AncnaHcepHOM yneTe y OKynncTa, HHBannA 2 
rpynnbi no 3peHHK>. PeryrmpHO npoxoAMT Kypcbi 
KOHcepBaTMBHOM TepanMM. B 1989 roAy 
npoxoAnn Kypc nene6Hbix nepnopGnTaribHbix 

3fieKTpOCTMMyriflL\MK CeTHaTKM H 3pHTeJ1bHblX 

HepBOB o6onx ma3 b KnuHMKe HHH3M AMH 
CCCP c He3HaHHTenbHbiM scjxjDeKTOM. ripn 
nocTynneHnn ocTpoTa 3peHna npaBoro rna3a 
0,04 c Koop. -2,5D, neBoro ma3a 0,01 He 
Kopp. Ha rna3HOM AHe auckm 3pnTeribHbix 
HepBOB OAHOTOHHbie, rpaHMi4bi mx neTKne, 
Kann6p cocyAOB He M3MeHeH, ho no xoAy 
cocyAOB npocne>KMBaioTCfi aHrno3Hbie nonocbi. 
B MaKyrmpHOM o6nacTH npaBoro rna3a onarn c 
nurMeHTaL^neM, Ha neBOM rna3y 
xopnopeTHHaribHbie onarn. B nonax 3peHHfl 
a6coriK3THbie neHTparibHbie ckotomn b 
npeAenax Ha npaBbiM rna3 5-1 0°, Ha neBbitf 
mas 10-15°. 

Bn30KOHTpacTonepMMeTpnHecKoe 
nccneAOBaHne BbmBMno HapyujeHne 

BOCnpMflTHfl TeCTOB C BblCOKO^aCTOTHOM 

cocTaBJifltoLAePi cneKTpa npn MOHOKynapHOM 
TecTMpoBaHUM Ka>KAoro rna3a n CHH>KeHne 

KOHTpaCTHOM MyBCTBHTeflbHOCTM BOCnpHflTMfl 

cpeAHenacTOTHOM cocTaBnfiHDLAePi cneKTpa 
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npeA"bflBJ-meMbix TecTOB b oojibiuefi CTeneHM Ha 
neBbiM ma3. HccneAOBaHMe 

3J~ieKTpOHyBCTBMTeJl bHOCTH 3pHTeJ1bHOM CMCTeMbl 

b n-ynacTKax op6nTbi Ka>KAoro rna3a noKa3ano 
npaKTunecKM Hopiwy HyBCTBHTeribHOCTH b 
npeAenax nepncjDepi/MecKi/ix ynacTKOB norieM 
apeHM^, ho noBbinieHne noporoB B03HMKHOBeHna 
3neKTpoc|Docc|DeHOB no OTHOiueHMio k Hopivie B 
napaueHTparibHbix ynacTKax. 

Ha ocHOBaHMH pe3ynbTaTOB AnarHOCTHKM 
neHe6Hoe sneKTpoBOSAewcTBue npoBOAnnocb 
Ha cjieAyKJLAUx napaiweTpax: KOJinnecTBO 
MMnyribcoB b naHKe 3, KOJinnecTBO l4mktiob 30, 
KonnnecTBO cepuPi 4 npn nacTOTe cneAOBaHHfl 
HMnyribcoB, noAaBaeMbix Ha nepucpepuHecKne 
ynacTKM, 10 Tl| h 15 Tl| Ha napai^eHTparibHbie 
ynacTKM npn 3HaneHMM aivinnnTyA, 

COOTBeTCTByfOLAUX noporaM B03HHKHOBeHHfl 

npepbiBUCToro 3neKTpocf)occ|DeHa, paBHOM 240 
mkA 3 m A-nnTenbHOCTM MMnyjibca 8,5 mc. 

B xoAe Kypca JieHe6Hbix sneKTpocTHMyn^AUM 
c napaivieTpaMM B03AeMCTBM5q, 
ccjDopMnpoBaHHbiMM no pe3yribTaTaM 
AnarHOCTunecKnx nccneAOBaHUM, ocTpoTa 
speHMfl nocne 10 ceaHCOB noBbicunacb Ha 
npaBbiM ma3 ao 0,08, a Ha rieBbiM rna3 ao 0,05 
npn npaKTunecKM Hen3MeHHoi?i nnoLnaAM 
i^eHTpajibHbix ckotom. CHH3nnncb noporn 

B03HHKHOBeHMfl SJieKTpOCjDOCCjDeHOB B 

napai4eHTpanbHbix ynacTKax nonew 3peHM?i 
0601/ix rna3 npn rex >Ke Anana30Hax nacTOT 
cneAOBaHwa MMnyribcoB, hto m ao neneHU^. 

MHoroKaHaribHbiCi sneKTpocTMMynaTop, 
ocyujecTBrmHDLUMM cnoco6, MO>KeT 6biTb 
peann30BaH Ha cneAyroLAew sneivieHTHOM 6a3e. 

Bjiok 1 BBOAa napaivieTpoB MO>KeT 6biTb 
BbinoriHeH b bhao KnaBnaTypbi, noAKJifOHeHHOw k 
KOHTpojinepy KnaBnaTypbi, BbinoriHeHHOM, 
HanpMMep, Ha ocHOBe MMKpocxeM cepnn K 555 
urn/1 K580. 

YnpaBJiflioLAMM 6noK 2, cneTHHK 6 
KonnnecTBa MMnyribcoB, reHepaTop TaKTOBbix 
HMnyribcoB 7, cjDopMnpoBaTenn 141/iKnoB 8, cepnCi 
9, ceaHCOB 10, nocneAOBaTeribHOCTM 
noAKJiioHeHMfl KaHanoB 1 1 MoryT 6biTb 
BbinoxiHeHbi Ha ocHOBe MMKpocxeM cepuM K 555 
MJ1MK580. 

Bjiok 3 MHAHKai4MM MO>KeT 6biTb BbinoriHeH Ha 

OCHOBe CBeTOAHOAHblX 3HaKOCHHTe3HpyiOLAHX M 

MaTpMHHbix sneivieHTax v\nv\ c ncnanb30BaHneM 

>KHAKOKpHCTaflJ1HHeCKHX SKpaHOB. 

Bjiok 4 xpaHeHMfi napaivieTpoB BbinoriHeH Ha 
ocHOBe KOM6nHai4MM MMKpocxeM cepuM K 573 m 
K537. 

PeryriflTop 14 aivinnnTyAbi BbinoriHeH Ha 
ocHOBe MMKpocxeMbi cepni/1 K 572, 
npeo6pa30BaTerib 13 ypoBH^ curHana m 
nepeKJitoHaTerib 16 KaHanoB Ha ocHOBe 
MUKpocxeM cepnn K 561, aHanoroBbiM kjihdh 17 
Ha ocHOBe MMKpocxeM cepnn K 590, reHepaTop 
15 TOKa Ha ocHOBe noneBoro TpaH3MCTopa. 

Cnoco6 m ycTpoMCTBO no3Bon^ioT 
ocyLAecTBn^Tb AnarHOCTunecKoe nccneAOBaHne, 

Ha OCHOBaHMM KOTOporO Cf)OpMMpyiOTCfl 

onTMMaribHbie napaMeTpbi JieHe6Hbix 

3neKTpOB03AeMCTBMM, n03B0J15RHDU4Me 

aKTMBMpoBaTb qbyH Ki^MOHaribHO yrHeTeHHbie 
CTpyKTypbi nepM0epMHecKnx OTAenoB 

3pMTeJlbHOM HepBHOM CMCTeMbl, MCKJIHDHaiOLAMe 

nepeB036y>KAeHMe HepBHbix CTpyKTyp. Cnoco© m 

yCTpOMCTBO n03BOJ15RK3T aAanTMBHO OCyiAeCTBMTb 
3JieKTpOB03AeMCTBMe, C03AaBa?l 3CjDCf)eKT 

npeAB036y>KAeHMfi ynacTKOB nyTeM 
nocneAOBaTeribHoro B03AeMCTBM^, HaHMHaa c 
HaMGonee ctpyHKi^MOHanbHO coxpaHeHHbix 
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ynacTKOB. 

MCTOHHMKM MHCjDOpMaL^HM . 

1. LUaHflypnHa A.H. naHWH A.B. 
KnnHHKO-c)DH3MonornMecKMM aHariM3 cnocooa 
nepnop6nTaribHOM h pecKO>KH o m 
3neKTpocTMMy.rmi4i/M nopa>t<eHHbix 3pnTeribHbix 
HepBOB m ceTHaTKM. >KypH. 0M3nonorna 
nenoBeKa, 16, 1, crp. 53-59. 

2. A.C. CCCP N 1163852. "Cnocoo" 
BoccTaHOBneHun npoBOflUMOCTH 3pnTenbHoro 
HepBa npn ero noBpe^eHMn". BM N 24,1985. 

3. A.C. CCCP N 1448436. "Cnocoo" 
BoccTaHOBneHMS 3pnTenbHoro HepBa". flCn. 

4. A. C. CCCP N 1600789. 
"MHoroKaHanbHbifi 3neKTpocTMMyn?rrop". BM N 
39,1990. 

Oopwiyna M3o6peTeHmi: 

1 . CnocoS BoccTaHOBiieHUfi 3peHMH npn 
noBpe^eHMH cer-iaTKM n 3pnTenbHoro HepBa, 
BKnfO'-iajoLU.MM neHe6HyK) sneKTpocrMMynflLjMHD 
cepuflMM naneK 6ncjDa3Hbix np^MoyroribHbix 
MMnyribcoB, npn kotopom npon3BOflflT 
npeABapnTeribHoe fluarHOCTMpoBamie 
BbiAeneHHbix ynacTKOB, BKnroMaa cocTaBneHne 
KapT nonefi 3peHna, a neHeo"HyHD 
3neKTpocTMiviyn?iL4HKD ocyLi^ecTBnfitoT nepe3 
aneKTpoA, HaKnaAbiBaeMbiM Ha op6MTanbHyfo 

06jiaCTb, OTJ1M>-iaKDLL|HMCfl TeM, MTO 

fluarHOCTMMecKoe 3neKTpoB03fleMCTBne n 
nene6Hyfo sneKTpocTMMynfli^MK) ynacTKOB 
ceTHaTKM n 3pnTenbHoro HepBa ocymecTBrmioT 

Hepe3 OflMH OJieKTpOfl, KOTOpbIM BbinOJlHflHDT P 

KaHanbHbiM no Mucny BbiAeneHHbix y^acTKOB, 
fluarHOCTupyKJT BbifleneHHbie y^acTKM no 
CTeneHU cooTBeTCTBMfl nx c|DyHKi4HOHanbHoCi 
coxpaHHOc™, onpefleneHHOM no KapTaM nonei?i 
3peHMfi, noKa3aTeriflM 
aneKTpoMyBCTBHTeribHOCTH Ha AnarHOCTM^ecKoe 

3neKTpOB03flefiCTBHe 6M(£a3HblMM 

npaivioyrojibHbiMM MMnynbcaMM, npn stom 
Ka>KAoro n ynacTKa onpeAensroT onTMManbHbie 
napaivieipbi neneSHOM 3neKTpocTMMynfli4Mn: 
MMHMMajibHoe 3HaneHne AJwenbHOCTM 
MMnyribca npn MMHMManbHOM 3HaneHnn nopora 
B03HHKHOBeHM?i 3neKTpoc£occt)eHa, 3HaneHne 
nacTOTbi cneAOBaHMfl MMnyribcoB, 
cooTBeTCTByjoLi^eM HanMeHbLueMy 3HaMeHnto 
nopora B03HMKHOBeHMfl npepbiBMCToro 

3fieKTpOCf)OCCjDeHa Ha CpMKCMpOBaHHOM 

MMHUManbHOM 3HaneHMM An n Ten bH OCT M 
MMnyribca, 3aTeM npon3BOAflT nocneAOBaTenbHO 
neneeHyfo sneKTpocTWMynflLjMHD BbiAeneHHbix 
ynacTKOB Ha HafiAeHHbix napaivieTpax 
MMnyribcoB sneKTpuMecKoro TOKa atis Ka>KAoro 
M3 n KaHanoB, npoi^eAypy HannHaraT c HanGonee 
cjoyHKLi.noHaribHO coxpaHHbix ynacTKOB ceTHaTKM 
m 3pMTeribHoro HepBa. 

2. MHoroKaHanbHbiM 3neKTpocTMMyn?rrop, 
coAep^aLi^nM 6jiok Bbi6opa pe>KHMOB, ojiok 
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BBOAa napaivieTpoB, cjoopMnpoBaTerib l^mktiob, 
cjDopivinpoBaTejib cepMM, c|DopMMpoBaTenb 
ceaHCOB, CHeTHHK KOJinnecTBa MMnynbcoB, 
cfopMnpoBaTenb MMnynbcoB, npeo6pa30BaTenb 
ypoBH^ curHana, nepeKnionaTenb KaHanoB, 
reHeparap TaKTOBbix HMnyribcoB, reHepaTop 
TOKa, peryjiflTop aMnnnTyAbi m aHanoroBbii/i 

KJ1K3H C BblXOAaMU, KOTOpbie HBnflHDTCfl 

BbixoAaMU sneKTpocTHMyriflTopa, 
OTnuHafOLUMMca Teivi , hto b Hero BBeAeHbl 
ynpaBJiflfOLAUM 6jiok, 6jiok xpaHeHna 
napaivieTpoB, 6jiok MHAHKai^nn, c|DopMMpoBaTenb 
nocjieAOBaTeribHOCTH noAKJiNDHeHU^ KaHanoB, 
npn 3tom bwxoa SnoKa bboasi napaivieTpoB 
coeAHHeH c nepBbiM bxoaom ynpaBrmromero 
6noKa, nepBbiM BbixoA KOToporo coeAHHeH c 
bxoaom cjDopMnpoBaTena HMnynbcoB, BbixoA 
KOToporo coeAHHeH c nepBbiM bxoaom 
npeo6pa30BaTerm ypoBHfl CMrHana, BTopoM 
BbixoA ynpaBJiflK)LAero 6noKa coeAHHeH c 
BTopbiM bxoaom npeo6pa30BaTen?i ypoBH^i 
curHana, TpeTufi BbixoA ynpaBJi^toLi^ero 6noKa 
coeAMHeH c TpeTbUM bxoaom npeo6pa30BaTerifi 
ypoBHfl CMrHana, HeTBepTbiM buxoa 
ynpaBn^K)U4ero 6noKa coeAMHeH c bxoaom 
6noKa MHAMKai^MM, naTbiM BbixoA ynpaBnafou^ero 
6noKa coeAMHeH c bxoaom 6no«a xpaHeHMfi 
napaMeTpoB, nepBbiM BbixoA KOToporo coeflMHeH 
c BTopbiM bxoaom ynpaBn^K)LJ4ero SnoKa, BTopoi/i 
BbixoA 6noKa xpaHeHMfl napaMeTpoB nepe3 
cneTHMK KonMHecTBa MMnynbcoB coeAMHeH c 
TpeTbMM bxoaom ynpaBnflHDinero 6noKa, TpeTMM 
BbixoA GnoKa xpaHeHM?i napaMeTpoB nepe3 
reHepaTop TaKTOBbix MMnynbcoB noAKn^neH k 
^eTBepTOMy BXOAy ynpaBn?ihOL4ero 6noKa, 
neTBepTbiM BbixoA 6noKa xpaHeHMfl napaMeTpoB 
nepe3 cjDopMMpoBaTenb u.MKnoB k naraMy BXOAy 
ynpaBnflfomero 6noKa, n^TbiPi BbixoA 6noKa 
xpaHeHMfl napaMeTpoB nepe3 cjDopMMpoBaTenb 
cepMM k LuecTOMy BXOAy ynpaBn?iK)Li4ero 6noKa, 
LuecTOM BbixoA SnoKa xpaHeHMfl napaMeTpoB 
nepe3 cjDopMMpoBaTenb ceaHCOB k ceAbMOMy 
BXOAy ynpaBnatOLnero 6noKa, ceAbMOM BbixoA 
6noKa xpaHeHMfi napaMeTpoB Hepe3 
cf)opMMpoBaTenb nocneAOBaTenbHOCTH 
noAKnKDMeHMfl KaHanoB k BocbMOMy BXOAy 
ynpaBnflfouj,ero 6noKa, AeB^TbiPi bxoa KOToporo 
coeAMHeH c 6noKOM Bbi6opa pe>KMMa, nepBbiM 
BbixoA npeo6pa30BaTenn ypoBHfi CMrHana nepe3 
perynflTop aMnnMTyAbi coeAMHeH c 
ynpaBnflfOLU,MM bxoaom reHepaTopa TOKa, 
btopom BbixoA npeo6pa30BaTenfi ypoBH^ 
CMmana coeAMHeH c nepeKnfonaTeneM KaHanoB, 
1-n BbixoAbi KOToporo aBnawTCfi 1-n bxoa3mm 
aHanoroBoro Knfona, TpeTMM buxoa 
npeo6pa30BaTenn ypoBHfl CMrHana coeAMHeH c 
(n + 1)-M bxoaom aHanoroBoro KntoHa, (n+2)-M 

BXOA KOTOporO COeAMHeH C BblXOAOM 

reHepaTopa TOKa, a (n+3)-M bxoa c LuecTbiM 
BbixoAOM ynpaBnflhDLi^ero 6noKa. 
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